###### Strengths and limitations of this study

-   Random sampling with reasonably large size ensuring generalisability.

-   Validated tools minimising measurement errors.

-   Self-reporting tools suffering from recall and social desirable bias.

Introduction {#s1}
============

Description of the condition {#s1a}
----------------------------

Association between early-life nutrition and long-term health has been raised for decades.[@R1] Numerous studies have been reported the associations between early-life nutrition and normal growth and development (bone development,[@R4] immune system[@R5] and reproductive system[@R6]), acute disease (allergy[@R7]) and chronic diseases (obesity[@R8] and breast cancer[@R9]) and so on. For instance, several clinical trials have demonstrated that the intake of calcium and dairy products augments the bone mineral density in children.[@R10] Although there were less evidence generated from intervention studies, adequate vitamin D intake could prevent muscle weakness among paediatric population.[@R11]

Epidemiological and animal studies have revealed that the risk of metabolic syndrome is elevated after exposure to suboptimal nutrition during crucial periods of development.[@R1] Lim *et al*[@R12] further highlighted the significance of potential risk factors to which children are exposed during early life and the global burden of non-communicable diseases. Adair *et al* suggested interventions to increase birth weight and linear growth during the first 2 years of life; such interventions are likely to result in substantial gains in height and schooling, with more protection from development of adult chronic diseases.[@R13]

Nevertheless, it has been reported that rapid weight gain in the first 2 years of life is related to an increased risk of obesity[@R14] and insulin resistance in later life.[@R15] Such a phenomenon, referred to as the catch-up dilemma, has drawn attention to the potential risks and benefits of faster early growth.[@R13] The faster weight gain after 2 years of age has little benefit, and weight gain after midchildhood can result in adverse effects in terms of risk factors of cardiovascular diseases.[@R13] In a review on early life origins of chronic non-communicable diseases, Wang *et al*[@R18] have highlighted two findings. First, many current interventions on unhealthy eating and weight control have been on lifestyle modification later on in life, thus neglecting the difficulty of neuroendocrine programming to return to the original set point. Second, the modulation of perinatal and early postnatal environments would avoid adverse developmental programming of the neuroendocrine system that leads to obesity later on in life.

Compensation consumption of high energy density food among preschoolers can result in the suboptimal intake of recommended food groups, as shown by a study in Hong Kong.[@R19]

The importance of this cohort study {#s1b}
-----------------------------------

Bhutta[@R2] has called for cohort studies on elements of child development, education and employment as outcomes and as crucial future investments that will enable an improved estimation of the effect on human capital. Recent studies have advanced the understanding of the application of neurobiology to food addiction and obesity; therefore, multilevel interventions beyond simple behavioural approaches are necessary in the examination of the biochemical effects of complex interventions.[@R20] A cohort study in the USA revealed that factors in early life are associated with children's body mass index (BMI) at 8 years of age,[@R21] whereas a recent review reported that childhood obesity is a predictor of adult obesity.[@R3]

Aside from these factors, parents have critical roles in their children's development during the early years. Arredondo *et al*[@R22] revealed that many studies had reported the relationship between parental control styles and children's consumption of healthy food, as well as the amount of consumption. An authoritarian parenting style was also associated with being overweight in early childhood, as early as the first grade.[@R23] Many studies in Hong Kong focused on the effects of the parenting style on adolescents,[@R24] but no study has elucidated the effects of the parenting style on physical health.

Although the use of the cohort design has numerous advantages in providing strong evidence on the causal relationship between potential risks or protective factors and various health outcomes, some practical difficulties, such as the prerequisite of large sample sizes and long follow-up periods, limit its use.[@R29] To our knowledge, two community cohorts are currently used in Hong Kong: the FAMILY cohort[@R30] and 'Children of 1997' birth cohort.[@R31] The former focuses on happiness, harmony and health of families,[@R32] whereas the latter focuses on the effect of the first 18 months of life on the children's health status.[@R31]

The birth cohort was established in 1997, and the breastfeeding practices, nutritional patterns and lifestyle status have changed over time.[@R37] A knowledge gap also exists in terms of the impact of the nutritional patterns and lifestyle practice on the health and growth of preschoolers. Therefore, both prospective and retrospective studies on children starting early childhood education should be designed to analyse the following: the impacts of psychosocial and economic factors during the first 1000 days of life on health and nutritional status, the long-term effect of nutrition on health, functional status and well-being, and human capital development mediated by sociodemographic factors.

Objectives {#s2}
==========

Given the lack of large studies on a cohort of children from kindergarten to primary school in a Chinese population, this study aims to provide comprehensive and reliable data that can be used to describe and understand the physical and mental health development of children during early schooling and how their early exposures relate to their later development.

Primary objective {#s2a}
-----------------

To investigate the effects of exclusive breastfeeding in infancy on obesity rates among children at the age of 5 years.

Secondary objectives {#s2b}
--------------------

To determine:The dietary and nutritional intakes of preschool-aged children longitudinally.The correlation between early nutritional intake and childhood obesity.The influence of school and home environment (physical and social) on childhood health and well-being, as well as nutritional status and development.The correlation between suboptimal growth and nutrition status and factors such as dietary pattern, parenting skills, health literacy of parents, household environment and suboptimal breast feeding.The association of parenting styles with being overweight and nutritional intake.

Cohort description {#s3}
==================

Study design {#s3a}
------------

This study is a prospective cohort study.[@R39] The overall approach of reporting the study is consistent with the Strengthening the Reporting of Observational Studies in Epidemiology statement.[@R40]

Settings {#s3b}
--------

Recruitments were conducted in local kindergartens and nurseries, that is, schools that provide normal education to children aged 2--5 years in Hong Kong.

Inclusion criteria {#s3c}
------------------

Eligible subjects were children aged 2--4 years in local kindergartens and nurseries at the time of recruitment and their parents.

Sampling {#s3d}
--------

Cluster sampling, in which each kindergarten or nursery was considered as a cluster, was used in this study.[@R41] A full list of kindergartens and nurseries in Hong Kong, extracted from the Education Bureau of the Hong Kong SAR Government,[@R42] was stratified into the 18 districts in Hong Kong. A random number was generated using the 'randbetween' function in MS Excel 2010 for each kindergarten and nursery, and then schools were selected according to the magnitude of the assigned random numbers. The number of schools recruited in each district was determined by the sample size estimation as outlined below.

Procedure {#s3e}
---------

The principals of the selected clusters were contacted from late 2014 to early 2015 for approval in the study participation. With their consents, all parents with their children studying in the respective kindergartens and nurseries were invited to participate. Since the study involved numerous schools and recruitment was started in the middle of the academic year 2014--2015, that is, January 2015, in order to match the yearly plan of some schools, most of their recruitment were postponed until the first term of the academic year 2015--2016, that is, September--December 2015; therefore, the subjects were recruited at different times throughout the year, with the majority being recruited during September--December 2015. After the written consent from the parents was obtained, their children underwent baseline assessment of parameters reflecting different outcomes.

Exposure {#s3f}
--------

Exposure was defined as exclusive breast feeding (EBF) for 4 months or longer; this information was collected from the baseline questionnaire. Other exposures included inadequate intake or excessive consumption of particular nutrients (energy intake, protein, total fat, carbohydrates, sodium and calcium) according to the respective cut-offs,[@R43] and the overall dietary quality derived from the Healthy Eating Index (HEI).[@R46]

Sample size estimation {#s3g}
----------------------

Given that the prevalence of EBF has risen from 6% in 1997 to 14.8% in 2010,[@R47] we expected that the prevalence for EBF would be approximately 15%. Thus, the ratio of EBF children to non-EBF ones would be approximately 15:85 or 3:17.

It has been reported that short-term EBF (fewer than 4 months) was associated with obesity in children aged 5 years old (OR=1.44; 95% CI 1.00 to 2.07; P=0.050).[@R48] As the obesity problem has become more severe, we would expect a larger difference in the prevalence of obesity between the EBF group and the non-EBF at the end of the study period. Assuming the OR=1.9 and a level of significance of 5% with \~80% power, the sample size required to detect the difference would be 420 for the EBF group and 2800 for the non-EBF group, given the 3:17 ratio. Therefore, 3280 participants would be needed at the end of the 4-year study period. Given a 2.5% annual dropout rate, the sample size needed at the beginning of the study would be around 3539. According to the Education Bureau, the total number of prenursery (ie, schools available for children aged 2--3 years) children in the 2012--2013 academic years was 54 829.[@R49] Therefore, the suggested sample size could cover approximately 6.5% of the children at that age. With an assumption that there are 20--30 prenursery children per kindergarten and nursery, approximately 140 kindergartens and nurseries would be required.

Outcome measurements {#s3h}
--------------------

Measurements included three baseline components: questionnaires, food diaries and physical measurements. Follow-up questionnaires and physical measurements would be collected annually after the baseline data collection. Details of the baseline components are described below.

Questionnaire {#s3i}
-------------

The children's parents were invited to fill the questionnaires and, on completion, returned them to the researcher. Both Chinese and English versions were available. There were three sections in the questionnaire on baseline components: section A concerns the children's prenatal development, section B concerns their dietary intake from birth to 2 years old and section C concerns their lifestyles and family backgrounds.

Prenatal development {#s3j}
--------------------

There were nine questions on the children's prenatal development including their delivery mode, weeks of gestation, parental drinking and smoking status, maternal health conditions and mother's weight gain during pregnancy. The weights of the children at birth were also asked.

Dietary intake from birth to 2 years old {#s3k}
----------------------------------------

A total of 24 questions were used to examine the children's dietary intake from birth to 2 years old. The first five questions revolved around the breastfeeding practice when the children were younger than 1 year old, whereas the next four questions revolved around the formula milk feeding practice up to 18 months old. Questions 10--14 collected information of when and which kind of solid food had been consumed by the children since birth. Questions 15--21 enquired about the feeding practice on non-infant formula milk, Chinese herbal or botanical preparation drinks and nutritional supplements. Questions 22--24 assessed the frequency of consumption of commercial baby food (commercially prepared pureed food for babies, baby biscuits and desserts) and prepackaged or processed food of the subjects since the introduction of solid food to the children aged 3 years old. Commercial baby food were categorised into different groups, including fruits and vegetables, grains, meats, beverages and snacks. The frequency of consumption ranged from 'None' to '\>4 times per week'.

Lifestyle and family background {#s3l}
-------------------------------

The 22 questions in this section were divided into two parts. The first part included questions related to the children's lifestyles and habits, including the number of siblings, whom they live with, primary carers, sleep patterns, dental practice, activities and general health status. Most questions were in the multiple-choice format, except that the sleep duration was calculated by the difference in reported bedtime and wake time. Items assessing dental practice included whether the children brushed their teeth on their own or needed assistance from parents and the frequency of teeth-brushing per day. Questions on activities were open-ended for parents to report the types, duration and frequency of extracurricular activities or hobby classes in which the children were involved. Their general health status was assessed by a single-item question on the times that children required consultation of a doctor. The second part of the section enquired about the family background of the children including the type of housing and information concerning their parents such as the working status, occupation, education level, smoking status, birthday, weight, height and monthly household income.

### Food diary {#s3l1}

A 3-day food diary for recording the children's dietary intake was distributed to the parents, alongside the questionnaire. The parents were advised to include two weekdays and one weekend for the 3-day period and to write down the food items and portions that their children consumed right after each meal. A standard medium bowl and an independent instruction booklet named the Children's Food Photo Book with photographs of food in actual sizes were provided to aid them in filling the food diary. They were also encouraged to take digital photos of the food as supplementary information for the researchers' references. Samples of the food diary and instructional booklet are attached. As for the children's meals during school time, parents were notified of the 2 weekdays when teachers would keep records of food intake of the participating children in school. The researchers also acquired the menus from schools directly as supplementary information for the food diary.

### Anthropometric assessment {#s3l2}

The height of the children was measured without shoes to the nearest 0.1 cm with a portable stadiometer (SECA 213), and the weight was measured without shoes to the nearest 0.1 kg, using a digital calibrated floor scale (Tanita model HD-662). BMI was calculated in kg/m^2^. Anthropometric measurements were conducted by trained researchers.

Follow-up {#s3m}
---------

Follow-up measurements would be conducted once a year for 4 years, which would still include the questionnaire for the parents, food diary recording and anthropometric assessment. Regular contact with participants would be made to maintain them in the cohort. The demographic features of subjects who have returned the questionnaires in each follow-up would be compared with baseline data to calculate the loss to follow-up and examine potential attrition bias.

Pilot study {#s3n}
-----------

To ensure the quality of the cohort study, a pilot study had been conducted to test the logistics and reliability of the selected instruments in the questionnaire. Three kindergartens, involving parents of 104 children, were invited for the pilot study.[@R50]

The parents were invited again to fill in some of the instruments in 2 weeks' time, and the intraclass correlations were computed to examine the test--retest reliability of the instruments.[@R52] The test--retest reliability of most questions was higher than 0.7, which were suitable for administration in the main study.

A subsample of 19 parents filled in the food diary instrument with food photos provided.[@R50] The numbers of foods reported in the food diary and in the photos were compared. Out of the 19 parents, 16 of them achieved a high consistency between food diary and food photos (over 90% of the food items matched).

On completion of the pilot study, the procedure was revised in case of any logistical flaws. Modification or revision of the instruments was conducted, the details of which were recorded before the start of the main phase of the cohort study.

Data collection {#s3o}
---------------

### Questionnaire and anthropometric assessment {#s3o1}

The questionnaire was verified for completeness by the student helpers with nutrition backgrounds, and parents were contacted by phone for any missing information. An Excel database (Microsoft excel 2010) was created based on the questionnaire, into which data were entered according to a predefined coding scheme.[@R53] Height and weight were entered to the database, and BMI was computed thereafter. The research assistant would conduct data cleaning regularly by computing the frequency figures for each question to identify problematic values.[@R53]

Cross-checking the problematic values within the questionnaire would be conducted. The research assistant would also periodically perform random checking of the entered data to ensure high data quality.

### Food diary {#s3o2}

Food diary records would be checked by a registered dietitian and trained students with nutrition background for any missing or unclear details. Data would be coded and entered into the Food Processor program (V.11.0.137) for analysis.

Data analysis {#s3p}
-------------

The frequency and percentage would be computed for items with categorical or ordinal responses, whereas the mean and SD would be computed for items with continuous responses. For each instrument, the composite score would be calculated. Bivariate correlation would be computed to examine the correlation between the instruments. Independent t-test or analysis of variance would be used to examine the difference of scores by demographic and other variables. Linear and logistic regression would be used to examine the association between those predictive factors and the outcomes. Generalised estimating equations will be used to ascertain the longitudinal changes of the outcomes. The analysis will be conducted using IBM SPSS Statistics V.24.

Dietary data would be analysed using the Food Processor program (V.11.0.137) and Hong Kong food composition tables. In case of food items with no local nutritional information available, food composition tables for the USA, China, Taiwan, Japan, Singapore and Australia would be used. Food composition tables for Hong Kong are accessible from the Centre for Food Safety, HKSAR ([www.cfs.gov.hk/english/nutrient/index.shtml](www.cfs.gov.hk/english/nutrient/index.shtml)), which contain nutrient data of commonly consumed food items in Hong Kong. As for the dietary data obtained in food diaries, the portion of food reported was initially validated by comparing the reported amount of food during the 3 days with the food photos received for the corresponding day.

The quality of diet would be assessed by the HEI, one of the most extensively studied indices that evaluate the conformance to dietary guidelines and the dietary quality.[@R46] The dietary guidelines component in the HEI will be adapted to the Hong Kong standards for preschoolers. Steps to calculate the HEI scores will include: (A) identifying the set of foods under consideration (foods consumed by Hong Kong preschoolers); (B) determining the amount of each relevant food group, subgroup and nutrient in the set of foods; (C) deriving the ratios of the scores; and (D) scoring each component (adequacy of total fruit, whole fruit, total vegetables, greens and beans, whole grains, dairy, total protein foods, seafood and plant proteins and fatty acids; moderation of refined grains, sodium and empty calories) using the corresponding standard.[@R46]

The calculated index score would be compared among subjects, and the associations with health-related outcomes such as growth and weight status would be explored. The adequacy of dietary intake (namely, energy, protein, total fat, carbohydrates, sodium and calcium) would be assessed by comparing the nutrient intake of the subjects with the Chinese dietary reference intakes developed by the Chinese Nutrition Society, as well as the estimated average requirement and the reference nutrient intake from the WHO Food and Agricultural Organization (WHO/FAO).[@R43] The daily intake of the five food groups would be computed and compared with local recommended intakes for children aged 2--6 years.

Long-term growth status {#s3q}
-----------------------

To assess the growth of our subjects longitudinally, the internationally acceptable definition was adopted.[@R54] The reference was derived from six large nationally representative cross-sectional growth studies including the USA, Hong Kong and Singapore. Age-specific and sex-specific cut-off points would be used to identify children who are underweight, overweight or obese.[@R54] For example, at the age of 2 years, the cut-off points for overweight are 18.41 for boys and 18.02 for girls, while at the age of 3 years, the cut-off points are 17.89 for boys and 17.56 for girls.

Findings to date {#s4}
================

By the end of the baseline study recruitment (February 2016), 5273 parents of the children aged 2--4 years from 180 kindergartens and nurseries randomly selected from the 11 districts in Hong Kong have agreed to participate in this study by returning the signed consent form. A total of 3223 subjects have completed and returned the questionnaires. The data entry of the questionnaire was just completed. [Table 1](#T1){ref-type="table"} has provided the basic demographic features of the participants. The majority of the participating children were 3 years old (74.5%). Mothers were the most common caregiver of the children (95.1%). A total of 39.0% parents breast fed their children at early stages, and then fed with formula milk. Vegetables rejection was the most common picky eating habit (26.2%).

###### 

Demographic features of the participants at the end of recruitment (n=3223)

  Characteristic                                                       Frequency (%)/mean±SD\*
  -------------------------------------------------------------------- -------------------------
  Child age (in years)†                                                3.38±0.45
   Aged 2                                                              588 (18.2)
   Aged 3                                                              2402 (74.5)
   Aged 4                                                              198 (6.1)
   Non-response                                                        35 (1.1)
  Children's gender‡                                                   
   Male                                                                1669 (51.8)
   Female                                                              1522 (47.2)
   Non-response                                                        32 (1.0)
  Main caregiver(s) (multiple selection)                               
   Father                                                              2906 (90.1)
   Mother                                                              3065 (95.1)
   Maid                                                                889 (27.6)
  Breastfeeding practice (multiple selection)                          
   Breast fed at early stages, then fed with formula milk              1258 (39.0)
   Fed with both breast milk and formula milk                          897 (27.8)
   Breast fed since birth and no formula milk was fed                  432 (13.4)
   Fed with formula milk since birth and did no adopt breast feeding   617 (19.1)
  Current habit of picky eating (multiple selection)                   
   Rice                                                                264 (8.2)
   Vegetables                                                          845 (26.2)
   Fruit                                                               205 (6.4)
   Meat                                                                383 (11.9)
   Fish                                                                207 (6.4)
   Egg                                                                 228 (7.1)
   Milk                                                                156 (4.8)
   Water                                                               268 (8.3)

\*The total percentage may not equal to 100% due to non-response or multiple selection questions.

†Non-response originated from parents who did not report the birthdate of their children.

‡Non-response originated from children who have not undergone anthropometric measurements.

Strengths and limitations {#s4a}
-------------------------

The results of the Studying Impact of Nutrition on Growth (SING) study will provide the backbone information of the dietary and nutritional intake of children in Hong Kong. With the information, we can compare their energy intake to the recommendation by the WHO/FAO. In a cross-sectional study in 2010 involving 1272 children aged from 6 months to 4 years old,[@R57] three findings are noteworthy: 2.7% of the participating children were overweight or obese, that their the mean energy intake was found to be close to or above the WHO EAR for energy and their protein intake was adequate. However, the shortcoming was that the cross-sectional design does not enable an examination of the longitudinal changes and the casual effect relationship between early-life nutritional intake and childhood obesity. Therefore, the SING study will be crucial to fill the research gap. In addition, we will develop an HEI applicable to the local population. The SING study will also provide insights into the correlation between suboptimal growth and nutrition status and factors such as dietary patterns, parenting skills, health literacy of parents, household environment and suboptimal breast feeding. It would facilitate the development of a research model to study nutrition and health that incorporates more distal determinant factors ([figure 1](#F1){ref-type="fig"}).

![Research model to study nutrition and health.](bmjopen-2017-018380f01){#F1}

The strengths of the study include the use of cluster sampling and a reasonably large sample size, so the results can be generalised to the Hong Kong population. In addition, most instruments adopted in the study are validated and have been widely used in the literature. One of the limitations of the study is that the breastfeeding practice was self-reported at least 2 years after childbirth; hence, recall bias would be inevitable. Another potential limitation is the lack of serum biomarkers to verify the dietary data. Moreover, the data quality of food diary entries may vary with the education level of parents. Despite these disadvantages, our study will provide a comprehensive view on the food consumption of Hong Kong children and their health status at the present.
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